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Introduction 43
Wheat flour is one of the most widely used ingredients both in the food industry and in 44 cooking. Besides being the key ingredient in bread and other bakery products, where its 45 proteins play a special role, wheat flour is used as thickening agent in numerous dishes. 46
These thickening properties are based on the capacity of wheat starch granules to absorb 47 M A N U S C R I P T
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5 interactions have therefore been studied extensively (BeMiller, 2011) . Among the 93 marine hydrocolloids, interactions between the carrageenans and starchy ingredients 94 have received most attention. Tye (1988) observed that these interactions depend on the 95 type of carrageenan and type of starch (native or gelatinized). Differences between the 96 types of carrageenan have been also studied by Shi and BeMiller (2002) and by Eidam, 97 Kulicke, Kuhn and Stute (1995) , who observed that while κ-carrageenan, like other 98 hydrocolloids, accelerated the gelation process, ι-carrageenan delayed it. However, 99 M A N U S C R I P T
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6 del Campo, Valladolid, Spain). Hydrothermally modified wheat flour (11.20% 118 moisture, 99.37µm particle size, 8.74% protein, 44.80% free sugars and 38.09% 119 damaged starch) was provided by Harinera Los Pisones (Zamora, Spain), which 120 performed the extrusion treatment using a Bühler Basf single screw extruder (Bühler 121 S.A., Uzwil, Switzerland). The length to diameter (L/D) ratio for the extruder was 20:1. 122
Wheat flour was extruded at a maximum barrel temperature of 160ºC with a feed rate of 123 500kg/h. The moisture content of this flour was 17% and the screw speed was 453rpm. 124
The extruded product was dried by convection air and then ground with a compression 125 roller to a particle size below 200 microns. Flours were stored in airtight plastic 126 containers at 4°C until analysis. 127
Gelidium agar RG-ST and Gracilaria agar RGM-900 were supplied by (ROKO, 128 Galicia, Spain). κ-carrageenan Ceamgel 1860 (with potassium chloride) and ι-129 carrageenan Ceamvis 3383 were supplied by (Ceamsa, Pontevedra, Spain). 130
Methods 131
Samples used in the different tests were prepared by addition, in order to compare a 132 100% flour paste/gel to one made with 100% flour with a 7.14% and a 10.71% of 133 hydrocolloid addition (flour basis) for pastes and gels making respectively. 134
Hydrocolloid powder and flour were mixed and added jointly to water; the suspension 135 was then heated. 136
Hydration properties 137
Hydration properties include swelling volume (SV), water holding capacity (WHC) and 138 water binding capacity (WBC) (Nelson, 2001 ). Swelling volume (SV), or the volume 139 occupied by a known weight of the mix, was evaluated by adding 100ml of distilled 140 water to 5g (±0.1g) of flour with 0.357g (±0.001g) of hydrocolloid and allowing it to 141 hydrate for 16h. Water holding capacity, defined as the amount of water retained by the Scheverte, Germany) with a titanium parallel serrated plate geometry sensor PP60 Ti 171 (60 mm diameter, and 3 mm gap). The sample was placed into the rheometer which was 172 stabilized at 50ºC and was covered with Panreac vaseline oil (Panreac Química S.A., 173 Castellar del Vallés, Spain) to avoid drying. The pastes were rested for 500s before the 174 test was started. Two dynamic viscoelastic measurements were made: (1) deformation 175 sweeps at a constant frequency (1 Hz) to determine the maximum deformation 176 attainable by a sample in the linear viscoelastic range, and (2) frequency sweeps over a 177 range of 0.01-100 Hz at a constant deformation within the linear viscoelastic range. The 178 storage modulus (G'), loss modulus (G'') and loss factor (tan δ = G''/G') as a function 179 of frequency (ω) were obtained. 180
Steady-flow tests were also performed on freshly prepared paste samples at 50ºC to 181 obtain shear rate versus shear stress data. The plate was programmed to increase the 182 shear rate from 0.06 to 500s -1 (up curve) over 400s immediately followed by a reduction 183 from 500 to 0.06s -1 over 400s (down curve). Data from the up curve of the shear cycle 184 were used to characterize the flow of the paste samples and to estimate the power law 185 parameters by application of the equation σ = K.γ n , where σ is the shear stress (Pa), γ is 186 the shear rate (s -1 ), K is the consistency coefficient (Pa.s n ), and n is the dimensionless 187 flow behaviour index. In addition, the area between the up and down curves was 188 calculated in order to obtain the thixotropic behaviour of samples. All measurementsM A N U S C R I P T
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Hydrocolloid gels were made using a 1L beaker, dispersing 9g (±0.1g) of hydrocolloid 192 and 84g (±0.1g) of flour into 600g of distilled water. Hydrocolloid solutions were 193 heated to boiling (95ºC) on a heater plate at a constant stirring speed in order to achieve 194 sufficient hydration and homogenous dispersions. Samples were held at boiling 195 temperature for 15 min. During heating, the beaker was cover with plastic film with 196 small orifices to avoid water loss due to evaporation. Hydrocolloid solutions were 197 poured into cylindrical containers (35 mm internal diameter, 65 mm height), then 198 allowed to rest at room temperature for 25min and were stored in a fridge at 4ºC for 24 199 hours to achieve gel stabilization. Each gel was made in triplicate. 200
Gel texture and colour 201
Samples (≈25g) were taken from the fridge and maintained at room temperature 202 (≈25ºC) for 1 h prior to colour and texture measurement. Texture measurements of the 203 prepared gels were performed at room temperature (≈25ºC) using a TA.XT2i Texture 204
Analyzer (Stable Micro Systems Ltd., Surrey, UK) equipped with Texture Expert 205 version 1 software for Windows; a 5kg load was used for force calibration. One 206 compression cycle was applied using a 25mm-diameter cylindrical probe (P25a) at a 207 constant crosshead velocity of 0.5mms -1 to a sample depth of 10mm, followed by a 208 return to the original position. The force-time curve thus obtained was used to calculate 209 the values of the texture attributes: hardness (the peak force observed during the 210 compression cycle) and breaking strain (strain to reach the highest value of force). 211
Gel colour was measured using a Minolta CN-508i spectrophotometer (Minolta Co., 212
Ltd, Osaka, Japan). Results were expressed in the CIE L*a*b* colour space and were 213 obtained using standard illuminant D65 with the 2° standard observer. Colour and 214 texture determinations were performed in triplicate.
Statistical analysis 216
Differences between the parameters for the gels were studied by analysis of variance 217 (one-way ANOVA). Fisher's least significant difference (LSD) was used to describe 218 means with 95% confidence intervals. The statistical analysis was performed using the 219 Statgraphics Plus V5.1 software (Statpoint Technologies, Inc., Warrenton, USA). In the case of carrageenans, an increase in the onset of viscosity was observed with the 277 first increase in the gradient of the curve, but this increase was slow compared with the 278 agar combinations. As in the case of agar, carrageenans also increased PV, but the time 279 to reach that peak was longer; there were no marked differences between the two 280 carrageenans studied. These findings do not coincide with results reported by Tye 281 (1988), who detected a synergic effect between starch and ι-carrageenan but did not 282 between starch and κ-carrageenan. Nonetheless, it should be stated that the composition 283 of the κ-carrageenan used in our study included a potassium salt, which induces gelation 284 and gracilaria agars increased the viscosity in a similar way, with gelidium having a 335 greater effect. In the case of carrageenans, on the other hand, while κ-carrageenan 336 produced a marked increase in the initial stage, followed by a sharp decline, ι-337 carrageenan produced a less intense increase in viscosity and its effect was delayed. Table 2 shows the dynamic rheological values. In all cases higher values were found for 383 G' compared to G'', which indicates that all pastes are elastic and develop distinct solid 384
properties. Furthermore, it must be remembered that starch pastes, even when cooled, 385 are in a metastable, non-equilibrium state (Biliaderis & Zawistowski, 1990 ) and, as a 386 result, they will undergo further aggregation and partial crystallization during storage 387 and thus become firmer pastes/gels. The addition of hydrocolloid to a starch paste or gelM A N U S C R I P T
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All hydrocolloids except ι-carrageenan increased G' in non-treated flours whereas, in 390 extruded flours, this effect was only observed in combinations with carrageenans. All 391 hydrocolloids except κ-carrageenan increased G'' in the case of non-treated flours. In 392 the case of extruded flours, with lower G'' than non-treated flours, only carrageenans 393 achieved a significant increase in this value. A reduction in the tanδ value was observed 394 both with native and with extruded flours when the flours were combined with 395 carrageenans (this did not occur with agars) and this coincides with the increase 396 observed in G' and G''. Therefore, carrageenans increased G' and G'' in extruded 397 flours and decreased tanδ both in extruded and in non-treated flours. Lai and Lii (2003) 398 have previously reported an increase in the elastic component of the sample (G') and a 399 decrease in tanδ; they attributed this to a network formation after the addition of κ-400 carrageenan. In table 2, it can also be seen that carrageenans decreased the "a" value, Carrageenan gels exhibited greater hardness than agar gels
